A large number of researches have been made to make the textile intelligent and smarter; this is achieved by imparting functionality to the textile materials. The indoor environment possesses a variety of pollutants which do not come from the outer environment, but they come from the inner environment itself. Today, the smarter fabrics that may clean the indoor air have been studied by various researchers. The smarter fabrics contain the nanocoating of semiconductor oxides, mostly TiO 2 ; thus the synthesis and application of these nanoparticles on the textile material have been reviewed in this paper. Moreover, there are lots of environmental and health issues regarding nanoparticles that have also been discussed in brief.
Introduction
In general, the term contamination refers to the foreign impurity that is not required and needs to be eliminated. The strategy to remove the contamination from an environment is called decontamination. Decontamination is a broad term and may be considered widely for the removal of different types of contamination from different environments. For the context of this paper, the contamination includes the impurities in the air in the form of gases such as VOCs, odor, smoke, and free aldehydes; these are supposed to be removed from the indoor environment such as offices, halls, and dwellings. Thus the strategy for the removal of abovementioned contaminants from the stated environment is discussed in detail under the title indoor decontamination. The people living in the urban areas suffer much from indoor decontamination [1] , as they pass most of their time inside the buildings, and the inner environment of the building possesses a large variety of contaminating items including dusty and continually releasing VOCs such as furniture [2] , wall paints, fecal matter of dust mites and bed bugs, printers [3] , decorative items [4] , cleaning items, wood fire for indoor heating purpose [5] , pets, and cigarette smokes [6, 7] . The compressed wood products are used in furniture which use urea-formaldehyde (UF) resin as an adhesive; this can be considered as major indoor contaminating source [2] . Some sources of indoor air contamination have been described in Figure 1 .
This suggests the need of removal of contaminants from indoor environment in order to purify it and make it healthier. The removal of contaminants may be done by several ways; some of the common practiced strategies to clean the air inside the buildings are presented in Figure 2 . Various researches have been done to clean the inner air of the building by different strategies such as managing temperature and altering surface coolness [8] , controlling the humidity [9] of the environment by humidification and dehumidification, circulating the air by exhaust fans, or cleaning the indoor air [10] . Indeed, these methods are temperature dependent and sometimes due to change in temperature they cause even worse environmental conditions. Moreover, they may also cause rise in relative humidity to higher extent, resulting in rise in moist dust in the air. Furthermore, the maintenance cost of all these strategies is an extra surplus making them uneconomical. Approaches have also been made for decontaminating a section without dehumidification [11] . In addition one strategy that has been practiced to be safe from chemical contamination of the environment is to make barrier against these chemicals [12] ; this strategy has been mostly practiced to be safe from hazardous chemicals and thus not user friendly. The activated carbon liners and insulating rubber have been examined to create barrier against hazardous chemical contamination. This strategy is not appreciated because by this the hazardous chemicals remained inside the barrier and later they require being eliminated properly or disposing off of the barrier. The use of various chemicals for the indoor decontamination has also been reported, such as use of hydrogen peroxide [13] . The indoor air may also be cleaned and decontaminated by electrostatic forces, yet the mechanism of ionizing air is only suitable for a bit larger particles in the form of dust around the size of about 0.3 m [14] . The indoor air may also be cleaned by the plants, as some plants possess better decontamination ability for both organic and inorganic compounds [15] . Not only resisting the lethal chemical contamination but also decomposing this deadly chemical contamination into harmless compounds is today's state of the art. Nanotechnology along with the photocatalytic oxidation offers the best possible solution to make better indoor air quality by textile materials. The oxidizing process caused by photocatalysis does not require high temperature making it suitable for textile application and it is chemically and physically stable making it feasible for bulk production. This photocatalytic oxidation has mainly been done by using semiconductor oxides, and many researchers maintain the fact that semiconductor oxides are suitable for degradation of organic compounds and inorganic oxides. Nanotechnology offers two strategies for photocatalytic oxidation either by imparting nanoparticles of semiconductor oxides into spinning solution while spinning of nanofibers or by coating nanoparticles of semiconductor oxides onto the textile substrate.
Indoor Decontamination Textiles
There is a wide variety made up of textile materials in the indoor environments, for example, the seats, curtains and liners of cars, buses, aeroplanes, trains, ships, and other means of transports, the rugs, sofa covers, wall coverings and curtains of halls, auditoriums, and theatres, and the carpets, table clothes, curtains, bed sheets, and sofa covers of our dwellings. This large variety of textile materials emphasizes the need of changing these traditional textiles into smart textiles, in order to get function from them. Nowadays, people are going to be too much conscious for their health and hygiene. They are demanding the nontoxic, physically and chemically stable, and eco-friendly textile materials; the products that possess all these properties along with an additional benefit of cleaning their environment are highly appreciable. Thus, textile products which are already one of the important parts of our lives may be utilized to protect our environment too. In order to make the indoor decontamination textiles, the conventional textiles may be treated with some functional chemicals or these functional chemicals may be added during the processing of textile material itself. Nonetheless, indoor decontamination textile materials are polymers that do not possess high melting temperatures usually; thus it is necessary that the nanocoating that is going to be applied onto this substrate should possess the synthesis and the application of the nanoparticles at lower temperatures.
Among other methodologies of decontamination pollutants from the textile material, photocatalytic oxidation has more advantages. Moreover, it is also suitable to be applied onto textile materials whether by manufacturing selfdecontaminating novel fibers by fiber spinning, by dipping the conventional textile into the reaction bath possessing nanoparticles, or by coating these nanoparticles onto the textiles substrate. Likewise, among other methods for the application of nanocoating on the textile substrate the sol-gel method is preferred because it can provide the homogenous coating at the molecular level even at lower temperatures along with the large variety of performance.
Titanium sol for the sol-gel process is usually made by any precursors, that is, titanium isopropoxide and titanium chloride. These precursors are used for the formulation of titanium nanoparticles in the presence of water and alcohol in acidic condition by hydrolysis and condensation; later the nanoparticles of titanium are polymerized for the formation of titanium sol. Generally, the fabric is immersed into the titania sol followed by stirring for a certain time or padded under certain pressure for the deposition of titanium nanoparticles on to the surface of the fabric in the Lyogel form. This is followed by drying and curing, which causes the Lyogel to be Xerogel on the coated fabric. The processing stages of titanium nanoparticles from precursor to coated fabric are presented in Figure 3 . The decontamination efficiency of indoor decontamination textile is dependent on the process parameters of the manufacturing of titanium sol including rate of hydrolysis, reaction time and temperature, and amount of precursor, water, and alcohol; that is, the higher rate of hydrolysis leads to the formation of titanium hydroxide rather than polymeric chain of titanium particles, larger reaction time increases diameter of titanium dioxide nanoparticles, larger reaction temperature enhances the rate of coarsening of titanium dioxide nanoparticles, and more amount of precursor at lower hydrolysis rates facilitates the polymerized titanium sol. If the solvent is completely lost and complete polymerization is achieved it would lead to the formation of solid gel. Moreover, if further solvent is removed from the solid gel by supercritical conditions, it would lead to the formation of aerogel. Figure 4 illustrates the different forms of titanium nanoparticles based gels at their stages.
When the nanoparticles are formed by sol-gel method, the nanoparticles are amorphous structures and they are supposed to be converted into crystalline form, which can be done by heating at higher temperature as greater than 400 ∘ C. Yet this higher temperature causes the agglomeration of the nanoparticles due to which surface area and the amount of hydroxyl groups on the surface are reduced. Consequently the photocatalytic activity responsible for the indoor decontamination of the textile material is also decreased. In acidic conditions, the conversion of crystalline structure to amorphous may be achieved at lower than boiling temperature of water. Moreover, amines are also used as surfactants which also perform as the shape controlling agents at highly alkaline pH.
The use of titanium particles onto the polyester fabric is not only limited to indoor decontamination, yet there are various other applications for this fabric. In one research, titanium dioxide nanoparticles on polyester cotton blend have also been applied, and their effects against nerve agent VX have also been studied [16] . In another research, titanium and silver nanoparticle composite has been used to assess the antiodor performance of polyester fabric; the decomposition rate of acetic acid, ammonia gas, and trimethylamine in the presence of UV light was observed to prove its antiodor performance [1] . Titanium dioxide nanoparticles have also been used to modify the dyeability of the polyester fabrics [17] .
Mechanism of Decontamination Textiles
The semiconductors do not conduct electricity mostly, yet when they are brought in contact with energy source or they are excited, they may conduct electricity, so does the titanium. Titanium dioxide is found in three crystalline structures, namely, anatase, rutile, and brookite. Each one requires different energy to be exited, such as when anatase is irradiated with light, whose energy is equal to or greater than its band gap (388 nm), the negative electrons of the valence band are excited and consequently promoted to the conduction band, leaving positive holes, as presented in Figure 5 . The resultant photoinduced negative electrons and positive holes can trigger a series of reduction and oxidation reactions, respectively. The negative electrons react with oxygen molecules, producing superoxide anions (O 2 − ), while the positive holes react with water molecules producing hydroxyl radicals (OH).
It should be understood that both the excited electron in the conduction band and generated hole in the valence band should be sufficiently negative and positive, respectively, in order to perform photocatalytic reaction:
The ejected electron is excited photoelectron carrying the negative charge (e − ) that is powerful reducing agent, which ionizes the semiconductor (TiO 2 , CdS, ZnO, ZnS, Fe 2 O 3 , SnO 2 , etc.), by reduction reaction. The reduction reaction here may be briefly understood as the gain of an electron. Due to electron gain, the positive charge on semiconductor decreases from +4 to +3:
Later, this reduced semiconductor ionizes and reduces the molecular oxygen (O 2 ) present in air of the indoor environment to superoxide (O 2 − ):
On the other hand, hole generated in the valence band possessing positive charge is highly oxidizing agent, which oxidizes the hydroxyl group (OH − ) of the adsorbed water molecule to free hydroxyl radical (OH) by oxidation reaction:
Both the superoxide (O 2 − ) and free hydroxyl radical (OH) are highly reactive and react with the chemical contaminants present in the indoor environment. When the superoxide (O 2 − ) and free hydroxyl radical (OH) react with pollutants, various harmless products such as CO 2 and H 2 O are produced, presented in Figure 6 . Thus it confirms the degradation of microorganisms [18, 19] , inorganic pollutants [20, 21] , and organic compounds [19, 20] . The energetics of photo excitation of all three crystalline structures of titanium nanoparticles and how they contribute in different photoexcitation processes are very important to be studied. The band gap increases in the order of rutile (3.06 eV), anatase (3.2 eV), and brookite (3.1∼3.4 eV) [22] .
Titanium Based Nano Sol Synthesis for Textile Application
The titanium dioxide nanoparticles have been synthesized by various methods, including nonaqueous sol-gel route at low temperatures [23] , microemulsions using hydrothermal method [24, 25] , solvothermal method by monodisperse nanoparticles [24, 25] , micelle and inverse micelle methods using microemulsions [26] , layer by layer method (immersing into two different solutions) [27, 28] , layer by layer method (using two sprays) [29] , direct oxidation methods at lower temperatures [30] , chemical vapor deposition method [31] , physical (thermal) vapor deposition method [32] , anodic oxidative hydrolysis or electrodeposition method [33] , ultrasonic spray pyrolysis (sonochemical method) [34] , ultrasonic induced agglomeration [35] , and conventional and microwave-hydrothermal deposition methods [36] . The detailed study convening synthesis, properties, and modifications as well as applications of titanium dioxide nonmaterial is already presented [37] ; this study focuses on general applications of titanium dioxide nanoparticles rather than particular application on textiles. The sol-gel technology that is an immersing field has been described in detail [38] . Low temperature synthesis of titanium dioxide nanoparticles is the prerequisite for all textile materials; thus mainly research pertaining to textiles relates to sol-gel or hydrothermal method. In both methods, the textile substrate is immersed into the solution followed by drying and curing usually below boiling point of water: 
See [40] . Moreover
See [41] . Also TIP + IPA + Nitric acid + Water → Nano Sol Rutile (by slow reaction) Anatase (by fast reaction)
See [42] .
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Usually a small amount of an acid is used in solgel process to be carried out below 100 ∘ C. Titania nano sol is formed by a number of precursors including titanium butoxide (TBO), titanium isopropoxide (TIP), tetratert-butyl orthotitanate (TTBO), titanium tetraisopropoxide (TTIP), as mentioned in (5)- (8) . Some researchers have established the methods for the preparation of titanium dioxide nanoparticles at temperatures below 100 ∘ C in acidic conditions [39] [40] [41] [42] . Isopropyl alcohol (IPA) as cosolvent in the synthesis of titanium nanoparticles is also used.
The information about the size and size distribution of titanium nanoparticles is important for controlled photooxidation process, as the size and size distribution directly affect the surface area, which is the most important factor that affects VOCs degradation in catalytic oxidation reactions. The high surface area results in more adsorption sites for pollutants to be oxidized. Therefore, the scientists should synthesize the titanium nanoparticles in such a way so that there would be higher surface area which means smaller particle size and more particle distribution. In addition, there should be more anatase crystalline structure and small amounts of rutile.
TiO 2 Nanoparticles Settlement on Textile Materials
The most important part of the research in the area of the application of nanoparticles focuses on the durability of any property, which is dependent upon the binding of nanoparticles to the surface of textile materials. Strong bonding of the nanoparticles with material surfaces not only enhances the life time of property, but also assures resisting of loosely bonded nanoparticles to the environment [43] . In order to achieve strong binding between nanoparticles and fabric, various strategies such as plasma [44] , radiofrequency plasma (RF-plasma), microwave plasma (MW-plasma) and vacuum-UV [45] , RF-plasma and vacuum-UV [46] , and plasma jets including arc, spark, and corona [47] have been done as pretreatment of the fabric. Enzymes may also be used to alter the fabric surface properties [48] ; and thus they help to impart functionality. Moreover, the colorless, clear, and transparent coatings are wanted, in order to avoid color shifts and changes in hue, tone, or chrome. Along with the alteration in optical properties, mechanical properties are also important to be considered [49] . In one research, the bending stiffness of the treated and untreated fabric was assessed and it was found that the bending rigidity of the nanocoated fabric was increased by 13%, suggesting that it would not affect adversely the fabric handling [50] . In another research, other mechanical properties, that is, tenacity of nanocoated Lyocell fibers, were assessed after 44 days of exposure to daylight; the chart shown in Figure 7 proves that the pure coating of titanium dioxide nanoparticles changes the mechanical properties significantly, yet they were less affected in the case of TiO 2 P25-SiO 2 coating [51] .
The long lasting of the properties of nanoparticles on the fabric may be assessed by checking the presence of the nanoparticles on the surface of the fabric. This may be achieved by assessing the fabric surface or the existence of the functionality after several numbers of washings. Self-cleaning property of the fabric after 10 and 20 washes was not much different, which confirms that nanoparticles are strongly attached to the fabric surface [52] . In another research, the UPF values were determined for the different immersion times of nanocoated woven polyester fabric [53] , as presented in Figure 8 . In some researches, nanoparticles of silicon dioxide have been used as binder between titanium dioxide nanoparticles and the fabric [51, 54, 55] . In another research, the presence of nanoparticles of silicon dioxide resulted in better selfcleaning performance of textile materials [56] . The use of succinic acid [57] , succinic acid along with polycarboxylic acids [58] , and citric acid [59] as a linking agent between titanium dioxide nanoparticles and fabric has been reported. On the other hand, sol-gel process without any chelating agent has also been reported [60] . The pure protein fibers based fabrics and their blends are being used in different applications [61] . The binding of the cations of Cu(II) and Co(II) on wool fiber has been studied [62] . Alginate with Ca+ ions [63] and zinc has been reported [64] . Iron nanoparticles as photocatalyst have been assessed to compare their performance with titanium nanoparticles [65] . The pure polyester does not have stronger affinity towards nanoparticles; thus it needs any further modification in order to get maximum bonding. In one research, lipase treatment has been done on the polyester [66] . Similarly, in one research, enzymatic hydrolysis was used to alter the properties of polyester [67] . In another research, alginate was used in order to apply titanium dioxide nanoparticles on polyester fabrics; the consequential better properties were achieved [68] . Titanium dioxide on polyester/wool blends was applied after the application of protease-Savinase and lipase-Lipex enzymes [69] ; the same enzyme, that is, protease, has been used to impart functionality to wool [70] . Lipase is used to functionalize polyesters since it has the ability to hydrolyze carboxylic esters [48, 66, 67] . The synthesis of nanoparticles and hydrolysis of the polyester fabric surface simultaneously has been done by in situ synthesis [71] . In this method, titanium nanoparticles and silver precursor were added to the alkaline bath made by sodium hydroxide and polyester fabric at boiling temperature for an hour [71] .
Polyester fabric has been pretreated by radiofrequency plasma (RF-plasma); microwave plasma (MW-plasma); and vacuum-UV followed by coating with titanium dioxide nanoparticles, and its antidust performance has been assessed. Figure 9 shows the antidust performance of polyester fabric that was pretreated with RF-plasma for 30 min and later coated with TiO 2 [45] .
Plasma pretreatment for enhancing the photocatalytic efficiency and binding strength [72] and low plasma pretreatment to enhance binding strength between nanoparticles and the surface of polyester [73] and polyester and other fabrics [72] have before nanocoating with titanium dioxide been suggested. Polyester has carboxylic groups in its structure; thus alginate can be used in its surface modification; a layer of nanoparticles by hydrothermal method on the polyester fabric offering better anti-UV and photodegradation of dye proved the significance of applied nanocoating [74] .
Health Issues Related to Photocatalytic
Oxidation and Nanoparticles
In the last decade, the environmental hazards related to pesticides and biocides were pronounced. This was followed by genetically modifying strategies, hybrid foods, eco-friendly dyeing [75] , and desalination of water. It is a time when nanoparticles are at the peak to be concerned about. There is a lot of research being done in the area of nanomaterials, for example, green synthesis of silver nanoparticles [76] ; it suggests doing careful investigation of its consequences on the health, as most of the materials that are used may offer poor wash fastness properties. This will lead to the environmental problems; although a lot of research is being done to assure better fastness, yet there is a lot to be researched more. Photocatalytic oxidation which generates superoxide (O 2 − ) and hydroxide radical (OH) could be harmful for human physiological system. How to reduce the harmful effect on human health by keeping its usual microbial activities may be worthy of research in this context.
In a recent study, the use of silica and titanium dioxide (TiO 2 ) nanoparticles has been reported to have led to pregnancy complications in mice and neurotoxicity in their offspring [77] . It was found that nano-TiO 2 and nSP70 injected into pregnant mice were then observed in the placenta, fetal liver, and fetal brain leading to growth implications of the fetus. In another study, for the first time, the effect of nanoparticles on the human beings was mentioned; it was maintained that inhalation of nanoparticles for half to one year caused severe lung damage; this finding makes nanoscientists pondered regarding environmental and health concerns of nanoparticles [78] . Panagopoulos et al. [2] investigated several cases of nanoparticle inhalation in humans that led to lung damage. The patients had been exposed to chemicals synthesized with various nanoparticles, such as titanium dioxide and thin zinc oxide, leading to severe pleural effusions and pulmonary fibrosis. The report details that the exposure of polyacrylic ester without proper protection can lead to pulmonary difficulties as well as accumulation of nanoparticles within the cytoplasm of the pulmonary epithelial layer leading to disruption monocyte function.
It has been reported that nanoparticles can cause indirect DNA damage in vitro across trophoblast and corneal barriers and cause cytokine and chemokine release across corneal barriers [79] . By using secondary messengers such as ATP (adenosine triphosphate) and Ca2+, nanoparticles can induce production of ROS (radical oxygen species) which can damage mRNA gene expression in cells with bilayered/multilayered barriers. In another study, the consequences of cobalt-chromium nanoparticles on the damage of DNA across a cellular barrier have been described [80] . The nanoparticles did not pass through the barrier; instead the damage was mediated by a novel mechanism involving pannexin and connexin hemichannels and gap junctions and Journal of Nanotechnology 7 purinergic signaling. These are a few observations, which have been reported by scientists in the short period of extensive research over nanoparticles, yet there could be many other issues that have not been brought into consideration. It is important for urgent evaluation of nanoparticles and their risk to human health, particularly in cosmetic and industrial areas where stronger metals such as titanium oxide are in regular use.
Conclusion
It may be summed up that dwellings where one spends most of his time are full of sources that cause air pollution; and thus carrying out the remedy of this problem is highly needed. On the other hand, these dwellings are also full of textile materials; thus photocatalytic oxidation applied on the textile materials is better solution of this problem. The photocatalytic oxidation requires a semiconductor as it allows the movement of electrons from the valence band to the conduction band when it is excited. Among other various semiconductors, titanium dioxide is researched and studied mostly due to its numerous advantages over other semiconductors. Titanium dioxide is reduced by electron in its valence band leading to the reduction of molecular oxygen in the environment; meanwhile, hydroxyl group is capable of oxidizing water molecule. As a result photocatalytic oxidation takes place.
Among other methods of synthesis of titanium dioxide, sol-gel method is preferred due to its benefits over other methods. Various precursors have been used for the synthesis of nanoparticles to form the titania nano sol. Along with the application in the area of indoor decontamination, there are other numerous properties that have been assessed for titanium dioxide nanoparticles. Even today, the deposition of these nanoparticles on the textile substrate is state of the art, yet various researches have been made to enhance the fastness properties of the nanocoated textile materials. There are several medical issues being raised by time and suggest the strong need to answer all the stated problems.
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